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INVGESTIGATING WASTE OIL DISPOSAL BY DIRECT INCINERATION

L INTRODUCTION

1. Bachground. The Facilities Engineering Directorate at Aberdeen Proving
Ground (APG). Mary Land Cinitiated a progran in 1908 1o dispose of generated waste
ol by blending with a Mo, 6 Fuel Oil (Federal Specification VV-F815C). Approsi-
mately HLO00 gallons of waste oil have been consumed cach vear in this manner at the
main APG powerhouse facility . Sinee Yoo 6 Fuel Ol is a relatively viscous produet, no
problems were encountered with the waste oil disposal ssstem. In August 1972001 was
reported that APG would be changing from Mo, 6 to No. 2 Fuel Oil (Federal Specifica-
ton VV-F815C) as a result of aie pollution abiatement legislation restricting the level
of sulfur in the fuel. Because of the obvious difference in properties (other than sulfur
content) between Noo 2 and No. 6 Fuel O4l, tas office became coneerned that con-
tinuance of the waste oil disposal sy stem could:

® cause stratification and/or sedimentation problems due to the
difference in gravity (waste oil is generally higher than Na, 2
Fuel Oil) leading to potential malfunctioning of the burner
nozzles.,

® create excessive stack emissions exeeeding the air pollution
standards cither due to improper combustion (e nozzle
deposits) or from the composition/concentration of the
waste product itself.

In Aprl 1973, this office conducted aninitial waste oil incineration program
at the main powerhouse facility (Bldg. 345) at APGL The stack emissions, monitored
by US Army Environmental Hygiene Agenes (AR emissions specialists, were mea-
sured while Noc 2 Fuel Oiland No. 2 Fuel Oil containing approximately 197 waste oil
were burned.! o summiary . there was no significant difference in the emissions levels
between the neat fuel and the fuel adulterated with waste oil. Farthermore, the A
faciits engineer reported that incineration of this misture did not create any burner
nozele mantenanece problems. There were however, several shorteomings in this initial
program. Sinee the mining of the waste oil with the base fuel oil was extremely diffi-
cult 1o control, only an estimate of the pereent of waste oil reaching the buener during
the <teady <tate emissions test conld bee obtained. Also, the low concentration of
waste oil may not have been a significant contaminant when compared to the tank-
bottom residue of the No. 6 Fuel Ol remaining in the main storage tank from previous

! G, bl DeBona, “hsestigating Waste (4 by Combuastion,” CCL Inteeim Report Moo 3008, AD No, 772011,
Fanuary 1971




vears, Fmally . the mtroduced waste onl generated at APG was not considered to be
representative of typreal waste oils due toats anusaal hightiess (e ow siseosity . high

AP aravity low ashoete). Ananaly sis of this waste ol compared with other waste ol
reported in the literature brings attention to this point (Table 1), A review of the
resulls of this imtial emissions test. the physical arrangement of the burner-boler sy~
temand the aty pical propeeties of the waste ol indicated the need for a second com-
bustioncmissions program to establish baseline parameters for this waste ol disposal
ssten. This report deseriles the results of the second combustion-caissions test con-
ducted at APG,

Lable 1. Comparison of APG W ste Ol with Other Sourees

Nin. Vis. “APl Water X Sulfur. Total A, Sulfated \sh,
Waste 4l @ JO0%F, Gravity,  Sediment, A TR Wt Wit
souree, Refegenee DS 12487 D196 D2y 2 (Rt}
! THE B2 R 0.21 0.30
2 243 20L0 0.6 0,31 1.8l
Ay 26.0 .80
ool 2540 0.21 1.01
(3 20.7 8 0.26 0.40
(4) 2 REXH {X])
256 25.0 1.62
161 200 2.1 .10
248 18.0 216
(<) 0.4t 1.4 1.09
Patunent NS o0y 280 Trace 087 0.05
J G bl DeBiono, “nvestgzating Waste Ol by Combusstion, " CCE Tnterm Report Nac 3008 AD No, 7209011,
January 1974,
< Anonvoons, “Final Report of the AP Tash Foree on Uad 00 Disposal.” Amenican Petroleam Instatate, New
York, VY Ma 1970,
LYY Litwerman, “Combustion and Heat Recovers of N Foarce Waste Petroteum Oils and Lubricant<.” \ir Foree
Weapons Laboratory Report No, AFWETR-T288, Febinnany 1974,
Vo Chandn W Moo and Surpeenant. “Waste Automotine Labricating il as o Manepal Incmeratos Fael,”
Frvironmental Protection Technobgy Seres Bepoort Noc FRAR2.TR.208, September 1973,
5

G AL Chappell " Waste Of Provessing,” Commaonwealth ot Massachusetis, Divison ot Water Pollution Control
Publication N, 672280 10 L.T3CR. fanuary 19738,

. INVESTIGATION
2. Details of Test, The details of the test are as follows,

a.  Plant Facilities/Operation. The powerplant svstem at the APG Messhall
(Bldu. 1219) was selected for this second combustionemissions test because the fuel-

te
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svatemdesign offered a simple and acearate method for controlling the waste oil/fuel
orl calios The burier svstem consisted of three five-tubne, hagh-pressure botlers and three
otl hired dow pressare rotary -cup KEW ANEE burners. This system, originally designed
io burna Noc Fora Noc S5 Foaeb Oalowas rated at 86,3 hp, 30808.5 pounds of steam/
hour and 1300720 Bru. For this test. the fuel was to be metered direetly to the
butners from a 1200 callon tank truck not only pernitting acenrate mining ot the

desired tuel l'waste vil ratio but atso controlling delivers to the burners during the
steady ~late enusstons test,

b, Waste Oil Collection. The waste o used in this test was considerably
heavier than that used i the presions testat the APG powe rhouse.* Tomsure that a
suthiciently “heasy prodoaet™ was tested the waste oib was collected in 35-gallon drams
focated at the man APG Post Exchange Service Station, 1t consisted almost entirely
ot dramed crankease oil from commercial-design selucles with trace amounts of anti-
treeze and by dranfic brake Guid and some transmission flad. I addition, some water
contamination occurred from improper deam cosering and/or closure procedures sinee
the drums were positioned outside. This water. aftee setthng, was pumped out prior to
the combustion-cmissions test to insure that the water contaminant did not influence
the resultant stack cmissions. A comparison of the charactensties of this collected

“refercety pe’ waste ol versus the waste otl used in the iitial program is shown in
Table 2.

Lable 20 Conparison of APG Waste Ol

KN Vies Gravity . Water & Sulfur  Total \sh, Ramshottom
Soiper O 1T Y L Sediment, Wt e Wi, Carbon Residue,
(RN D27 1796 b2y g2 1 524
froteal Combustion Y 320 1.1 0.2 050 089
Fest
second Combustion %0.7 219 0.1 0.3 1.60 130
lest

c.  Fuel and Stack-Emission Sampling. To assess the effect of this referee

waste ol on combustion of No. 2 Fuel Oil the NEHA again participated in monitoring

stack crmssions. s before, two series of emissions tests were required. The fiest series

of tests was aide while Noo 2 Fuel Ol obtained from the 10 00-gallon underground
storage tank located at the messhall facihity was burned. Samples of this hase fuel were
obtained from the <ampling valve adjacent to the burner sy stem and from the under-
wround storage tank prior to the baseline combustion-cmissions test. Using this base

G DeBono, “hvesigzatiog Waste Oil by Combustion,”” CCL Inteam Report No, 3008, AD No. 772901,

January 197§,
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fuel, AEHA personnel monitored the stack emissions during three 2-hour runs. The
details of the emissions stack sampling/analysis procedures performed by AEHA are
presented in the Appendix.,

The second series of combustionemissions tests was made while the

referee waste oil/fuel oil blend was burned. A 1200-gallon tank truck containing 200
gatlons of waste vil and 800 gallons of No. 2 Fuel Ol seeved as the temporary mixing
reservoir, The resultant blend was pumped to the burner system from the bottom of
the tanker via tubing. The 200 gallons of referee waste oil, collected in four 55-gallon
drums. was sampled prior to mixing io assess the variation in composition and the
occurrence of stratification. To possibly avoid any stratification occurring within the
tauker, the waste oil from the four drums was pumped into the tanker at different

time intervals. Although this precaution was taken, it was anticipated that stratification

could occur due to the wide differences in APl gravity between the waste product and
the No. 2 Fuel Oil. In view of this, the waste 0il/No. 2 Fuel Oil mixture was sampled
at three levels in the tank truck top, middle, and bottom prior to initiation of the
steady -stave emissions tests, With this 20% volume “nominal blend™ of waste oil in

No. 2 Fuel Oil being used, the second series of combustionemissions tests was moni-
tored by AEHA personnel during the three 2-hour runs. Details on the fuel oil samples,
waste oil, and waste oil/fucl oil sample blends obtained during this second combustion-
emissions test are provided in Table 3 with the analyses of the samples presented in
Table 4. Accordingly . the emissions measured during this second combustionemissions
test by AEH A at the messhall facility are tabulated in Tables 5 and 6.

3. Resultsof Test. The analysis data on the “collected™ waste oil samples indi-
vited that stratification was occurring within the four drums. For that reason, the
composite sample was taken (Sample No. 5. Table 5) to characterize the collected
waste product. As noted, this composite waste consisted primarily of erankcase drains
as evidenced by its high viscosity and low APLgravity. After the 200 gallons of waste
oil was introduced into the tank truek containing the 800 gallons of No. 2 Fuel Ol
the sumple analysis indicated that satisfactory mixing had not oecurred sinee the top,
middle, and bottom samples (Samples T8, and 9) revealed the waste product to be
stratifying.  Although the nominal concentration of waste oil was 20% . the fuel oil/
waste oil blend was being fed to the burner system via a connection located at the
bottom of the tanker. Because of this apparent straiification, the burner system was
in fact ~ombusting a fuel vil/waste oil blend of something in excess of the selected 200
volume ratio. Sinee the burner system was being fed primarily a “bottom sample™ of
fuel oil/waste oil during the three 2-hour runs of stack emissions measurements, the
amount of waste oil in the No. 2 Fuel Oil for this “hottom sample™ was determined by
preparing known blends of waste oil in No. 2 Fuel Oil. The hinematie viscosity for
cach of these blends wias determined and plotted on a graph (see Figwee). From this
graph. the concentration which corresponded to the viscosity of the bottom sample

4
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(Sample Voo 9) was interpolated and found to be 277,

Talde 3. Mentification of Fuel Of/Waste

il Samples

Sample Date Sample Origin or ~ampling
\o Sampled Ty pe Location Depth Sample Description:
| 82073 Waste Prum Moo 1 Bottom One of four devwms of collected
| waste oil for combustion-cmissions
test,
2 82073 Wade Drum No 1 op Same as above.
ol
3 B2 Waste Deum Neo 3 Bottom One of four drums of collected
thl waste oil for combustion-emissions
test.
) 2073 Waste e No. 'lup satne as above,
ol
3 82078 Wasle Droms Moo iddte This was a composite sample feom
(] .23 K} all tour drums of the collected
waste ol
O D217 N2 Fuel Line o Fuel sample obtained prior to
Fuel Messhall initial baseline emissions test at
oyl messhall.
3 WIETTE O N2 Lank Truek  Tap of Sample taken from tanker contain-
Fuel Fael ing 200 gallons waate ol and 00
Ol Tanker sallons fuel oil,
Hi HITTY \o. 2 Tank Truch Middle: ol same as above,
|‘ Ht‘l | lll"
hl Tanker
9 0 2FE a2 Lank Trach  Bottom ot same as above,
Fuel I uel
ol lanker
1] T20T3 0 N\al2 Contractor’s sampde tahen of Va2 Fael O
Fuel Delivers delivered 1o messhall and other
(A lruch ARG Tactlities,
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Table 5. Combustion-Emissions Results from APG Messhall (Bldg. 4219)

Results Obtained

Allc wable or No. 2 Fuel Oil No. 2 Fuel il +
Test Parameter Lewal Limit . (No Waste Product)  ~ 207 Waste Onl
Emissions Rate:
GR/SCEF! 0.0 0.047 0.262
Ib/MB? 0.6 0.0:31 0.158
Ih/hour = 0.181 0938
Visible Emissions Mo 2 Man? 0 (]
Sulfur Content, ¢ W 0.30 0.20 0.35
Trace Metal Emissions,
GM/Day:
l.ead = 3.86 |52
Calcium : Nl U
YATITE = | 410
Magnesium - \il B iy
I ortected 1o 3 exeess air, dry basis, 26°C. amd | atmosphere,
2 Thas limit. imposed by the State of Maryland. applies only to residual o burning equipment,
3

As speeified i AR 1121, Eaviconmental Pollution Abatement,

! A maxnmum No, 2 rating on the Shell Bacharach Seale,

The net effect of this 277 waste oil on air pollution regulations was explained
by AEHA in their emissions survey report.? This was explained in the following manner:

® AR 11-21 Emvironmental Pollution Abatement limits emissions
from baoilers in Bldg. 4219 to 0.6 1b/NMBtu.

® The State of Marvland Bureau of Air Quality Control limits
smoke emissions from distillate-fired boilers to a No. 2 rating
on the Shell Bacharach Smoke Seale, No visible emissions are
allowed except during start-up. and the sulfur content of the
fuel oil is limited to a maximum of 0.30% wt. Residual il
burning equipment is limited to 0.03 GR/SCF,

3 A, R Paine and |, T, Higgins, ~ i Pollution Eagineering Special Study No, 21005.73/78, Waste Ol 1 tilization

Prowram. Aberdeen Proving Grouwd.” April and September 1973,
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In apphy ing these limits to the initial combustion-emissions program wherein
e waste oil was used at the main powerhouse faelity (Bldg. 343), no violation of any
emission standards oceurred. Howeverin reviewing the resalts from this latter program
in which 27 waste ol wae coneamed, there weee indications that some emisston stand-
ards were violated, More speeifically . the sulfur content of the waste oil/fuel oil misture
was 0L35% (Note: a 0.30% maximom is permitted) and, more important, the particu-
late enmissions rate was 0.262 GR/SCE. (Note: a 0,03 maximum rale is permitted.)
This salue ix 7737 greater than the maximum allowable rate and repreonts a fivefold
icrease over the baseline level, Howesee, AEHA concluded that no enu <on levels
were excecded i this instance sinee there are no emission standards for Vo, 2 Fael O1l,
Vote: the 0,03 GR/SCE masimum apphes to residual fuels only.) AENN persounel
nunntained the position that a fuel oil/waste oil blead must be considered a distillate
product it it meets the specification requirements given under Federal Specification
VVERISC Fuel il Barner, A tabulation of the inspection properties of this 277
waste oil/fuel oil blend versus the specification imits in VV-F815C is shown in Table 7.
The Mary land Bureau of \ie Quality (MBAQ) initially informed this office that a fuel
could not be considered a distillate it it conta s a non-distillate product such as waste
ol Inview of this their mibial position was that the particolate emissions rate for the
20 waste ol blend was in violation of the MBAQ standards. Howeser,in subsequent
discussions between AEHN personnel and the MBAQ. tentative agreement was reached
i favor of AEH V'S conclusions, (Note: the problem of defining a distillate versus a
residual fuel in terms of applying cmission standards has been presented to ASTM D2
Technical Committee E on Burner and Diesel Fuel Oils for an official ruling.)

The emission rates of the four trace metals analy zed showed a significant
merease when the 277 waste vil was introduced. These inereases were anticipated due
to the nature of the “collected™ waste product which had high concenteations of engine
oil drain~. Fo provide additional information on this point, samples of the products
used i this combustion-cmissions testand the presvious program were analvzed for the

four suspeet metals: lead. zine, caleium. and magnesium 4

The results of these analy ses
are shown in Table 8. Sinee neither AR 2111 noe MBAQ provides emission standards
for these or any trace metals. the obtained emission rates for all metals were not con-

sidered to bein violation althavah the rate for zine was relatively high,

\= mentioned in the AER report.® the combustion-cmissions test program
wir conducted ona short-term basis to obiserve whether significant inereases in particu-
late emissions would be evidenced with the addition of the waste oill component. o

Vo E e, “Insestizating Waste O By Combustion.” CCL T enim Report Mo, 3008, AD o, T72901,

January 1971,

2 AR Pame and 1T Higgans, = N Polbution Engimeering Special Studs Nal 200057377 1 Waste Oil D ibization

Program. Aberdeen Provine Ground,” Apal and Seplember 1958,

bowahi




S R e Bt i b/

e L [ L s,

g

LU I AU R TTRTTERA U Y N T+ X "

ELL LA T TR BRIV TS CINTITRY TNV NI

e wiran-gcg pastnbag gy o proges Spduirs wEsvg | P s panrgo srw SIVLSE 2,00 ] ne anpis o3 uogar) ._
(€) (€) (€) (€) Co, k) 2, amgns
RLERTS UXTH (N PRRVITIT
e} ] I CYSE: (U RS TER 9e0s K 4001 v
i R Y IR R TTAY
- ooty New oo e o0
ALUN A RS sles g oo,00
S, Tnonegnsy |
RLUTIRT New g ALURITRT) g ?, T\
ALUERRT ALUER T ol 2, SN 200

NPW ()T

“New () g

SIS OY ] O )

New )| N ) New g NIRRT 0 TTECENFR LY
weum -rlu ‘weu .-n NP 1 .‘—O -—:.-— h--——
“un e “uni g g g ‘g | ) “un ) 3 e e, ey
(sseapy) Quaryg) (U |0 4 ST T R RUITUT
It 4 'O g oy fon (MRRRLR | Mo jen g forpom Porerey 0,08
9o\ SR iR 1o\ ALY (RCRN 6z sphurg

DI 4L

i uoraoadsug

L R T R T R

o sonpaadog <o opqeg.



3

e g i o i b

6% 6064 Bl ttot F L - MO P0G o u g apseyy 4,00 6
8001 6011 1eel CL9y sS4 - 1Y ey L
& e H te p | (LTR N L BTN ol
g oL N 0 Say - PO N oy asey 9
R S R e e m g )
el AN © =3\ HO Mg T oy u g apey /) -
ot Y RN LG icnt LMY 1O 2dse gy
Lol 2 « #al s PO M T oy aseyg -
L N T pro) OIS 3P 0 Cpg Bpp e apduieg yo ol Ly
- (i) sy sprpagy ol puoaag o) e g

—...:_..—.: ) ..—.m__:...l.

1~ 1:.._::.__:.._._...:::._:_..”- M poa~) LShenpaoayg

o BTSSR ey g gy



L el b

Y

attempt was made to assess the potential deleterious effects of waste oil combustion on
burner nGzzles or heat-transfer surfaces of the boiler sy stem. A previous study con-
duvted for the State of Massachusetts revealed that attempts 1o combust 10 e waste
oil resulted in severe operating problems in a 50-hp Cleaver-Brooks boiler sy stem.®

The resubts of the Massachusetts” study emphasized the need to remove or separate the
inorganic ash materials from the waste product prior to combustion. More recently
under a USAF progeam addressing the foasibility of this approach, esperimental =om-
bustion tests were performed using ap to 10 waste oilin both No. 2 and No. 6 Fuel
OIL7 The results of the USAF program revealed no short-term air pollution effects or
operational problems.,

I, CONCLUSTONS

4. Conclusions. The two combustion-emissions programs conducted at APG
demonstrated that waste oil can be incinerated as fuel-oil-blending components without
attendant stack enissioas problems, Howeser, the use of the 27 waste oil/fuel oil
blend in the KEWANEE burner system produced emission rates which could be in vio-
lation depending on whether the particular waste oil/fuel oil blend is defined as a resi-
dual or a distillate product. Tie high particulate emissions evidenced were in part attri-
butable to the rather inefficient o peration of the rotary -cup atomizers employed in the
burner system. This important variable imvolving burner-boiler configurations can
sinificantly affect and/or alter the emissions produced from the same waste oil/fuel
oil minture, 1t should be noted, howeser, that this combination of “heavy waste oil™
and the burner system emploving rotary «cup atomizers exsentially represented a referee,
or "worst case.” situation. Other burner svstems employing the steam-assist atomizers
could be expected 1o produce substantially lower particulate emissions, This limited
data acquired from these two combustionemissions tests further supports the need for
additional test programs to quantify the relationships between particulate emission
rates, boiler-burner configuration and enduranee, and long-teem operation on waste oil/
fuel oil blends to identify any potential burner nozzle and heat-transfer-surface problem
areas,

LI Chappell, “Waste Oal Processng,” Commonwealth of Massachusetts, Divison of Water Pollution Control
Pubhication No. 6722-41-100-4-73-CR, January 1973,

E . Librrman, “Combustion and Heat Recovery of Air Force Waste Petroleum Oils and Lubsicants,™ Air Foree
Weapons Labotatory Report No. AFWL.TR-73.244, February 1974,
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APPENDIN
SAMPLING AND ANADYTICAL METHODS

I. Sampling Methods,
a.  Particulates,

(1 The particulate tram used consisted o aprobe fip. heated stainless steel
probe. class oveloneand glass Obee Nlter e cheated chamber: fous Greenburg Smith

mpingers i an we bath: vacoam prnp: cas meter: and calibrated ontice,

2y Lobimetie samphne conditions were mamtaimed as close as possible by
Sontralling pump sacumms in relation ta pertinent ssstem parameters <o that the velo:
ity ot the vas entenmg the probe tip was equal 1o the selocits of the sarrounding gas
stream. The wasvelocty was determmed by use of an Sty pe pirtot tabe. Temperature

was measured with o chiromel alumel the rmocouple,

G The partieadate was collected at <everal points aecross the stack diameter.
Twoshameters 90 apart weee traversed. The munber of campling points was determined
by the stack dimeter and dictance above and below flow disturbances. In this case, 10

pemts oncach of two diameters were <ampled for boilers in Bldgs, 345 and 219

h.  Moisture. Mogsture determination was made from the change it weight of
the pinger contaimng slica geland the change m liquid yolume of the other three,
Tpingers Fand 2 contamed TOO mb of 100 mopanger 3 was cmpts Cand impinger 4

contammed <iliea ol

e Gaseons Sampling.  \ My Lar bay cample was collected concarrently with cach
particulate sanple. The <ampling velacity was maintained proportional (o stack gas
velovity for the entire te-t.

2. Analvtical Methods.

a. Particalates. Particalate determmation was aecomplished by measuring the
werzht change of the particalate traps in the svatem. The glass exclone and the probe
were washed with acetone, The washings were combined and dried to constant weight
amd a Findd weght was takens A acctone blank was also included. The eliss fiber Hilter
was dred to constant werght wa desiceator and weighed, o accordanee with ASVIE
Power Test Code 27 comdensible particulates collected in the impingers were nol in-

Cluded as particulate matter,

b, Moisture. Maisture content was determimed by weighing Gour impingess be
fore and after sompling,

e Gases. A Fishor Hamilton Gas Pardiioner was used 1o determine €O, G,
N oand COGnthe My lar bag samples.

* Power Test Code No 27 Determnimg Du=t Concentration moa Gas SMream.” adopted 29 Apnl 1957 1he Amencan
society of Mechamcal Fogipeer s,
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